Introduction
Fluid and electrolyte disorders are among the most common clinical problems encountered in the setting of intensive care. Critical disorders such as severe burns, trauma, sepsis, brain damage, and heart failure lead to disturbances in fluid and electrolyte homeostasis. Possible and electrolytes should be considered in the diagnosis and treatment of fluid and electrolyte disturbances.
This article is intended to provide readers with relevant information on fluid and electrolyte problems frequently found in the intensive care unit (ICU), as well as on medications associated with fluid and electrolyte disorders.
Fluid management
Volume resuscitation of a patient with hypovolemic shock or sepsis is an essential component of patient care. Massive amounts of intravenous fluid are usually administered to replace intravascular volume deficit and to minimize complications attributed to hypovolemia such as tachycardia, hypotension, acute kidney injury, and multiorgan failure. Goal-directed therapies focused on restoration of normal blood pressure and organ perfusion have been advocated in the management of critically ill patients. Early goal-directed therapy, which is instituted in the initial phase of management of patients with severe sepsis or septic shock, has been shown to improve overall survival 1) . Clinicians should bear in mind that assessment of hemodynamic response to volume resuscitation and vasopressors should be based on specific hemodynamic and oxygenation parameters such as mean arterial pressure, central venous pressure, and central venous oxygen saturation, not solely on symptoms and physical findings.
In contrast to the notion of aggressive and liberal volume resuscitation, a growing body of evidence strongly suggests that fluid overload may be detrimental to critically ill patients. Relatively little attention has been paid to the consequences of fluid overload such as respiratory failure, increased cardiac demand, and peripheral edema. Recent studies on patients with acute lung or kidney injury have reported that fluid overload has been associated with adverse outcomes [2] [3] [4] . Although uniform definitions of fluid overload and well-designed randomized clinical trials are lacking, there seems to be a need to avoid overzealous fluid resuscitation in a subset of patients 5) .
As a general rule, daily input and output of fluid should be closely monitored, and loss into "third spaces" should be taken into account. Vital signs, findings from physical examination, and chest radiographs are of great importance in assessing the volume status of the patient. Invasive monitoring of central venous pressure or pulmonary capillary wedge pressure may be useful. Novel techniques involving invasive monitoring of extracellular fluid volume have been proposed, but none of them have been rigorously validated in clinical care 6) .
Hyponatremia
Disturbances in plasma sodium concentrations are a common clinical problem in patients admitted to the intensive care unit. Many cases of dysnatremia are acquired after a patient is admitted to the ICU, and the presence of dysnatremia is associated with poor prognosis. A recent study involving 151,486 adult patients from 77 intensive care units over a period of 10 years has demonstrated that many cases of dysnatremia are acquired in the intensive care unit, and that the severity of dysnatremia is associated with poor outcome in a graded fashion 7) . Another study on the ICU patients with dysnatremias corroborated these findings, reporting that ICU-acquired hyponatremia and ICU-acquired hypernatremia were associated with increased mortality 8) .
Low plasma [Na + ] represents a relative water excess in conjunction with impaired ability of the kidney to excrete electrolyte-free water. Removal of excess water by the kidney requires urinary dilution, which is compromised in virtually all patients in the ICU: (1) Heart failure, sepsis, shock, and multiple organ dysfunction syndrome impair glomerular filtration and enhance sodium and water reabsorption at the proximal tubule, thereby diminishing delivery of the filtrate to the diluting segment, i.e., the thick ascending limb of the loop of Henle and the distal convoluted tubule; (2) loop diuretics, thiazides, osmotic diuretics, and tubulointerstitial pathology reduce the reabsorption of sodium and chloride in the diluting seg ment; (3) and nonosmotic stimuli for vasopressin production such as pain, nausea, medications, and hypovolemia lead to increased water reabsorption in the collec ting duct. In addition to impaired urinary dilution, hyponatremia in the critical care setting is related to inappropriate administration of hypotonic fluid 9) . 11, 12) . An important caveat to be remembered is that these equations assume human body as a closed system and therefore do not take into Severe hyponatremia in patients with decompensated heart failure may require extracorporeal ultrafiltration, which has been consistently shown to improve congestion, lower diuretic requirements, and correct hyponatremias 13) .
Symptoms
To 
Hypophosphatemia
Hypophosphatemia has been associated with critical conditions such as Gram-negative sepsis and open heart surgery [17] [18] [19] . The prevalence of hypophosphatemia is high in the ICU, reported to be observed in about 28%
in critically ill patients 20) . Hypophosphatemia (plasma phosphate concentration < 2. 
Hypocalcemia
Hypocalcemia is one of the most frequent electrolyte abnormalities encountered in the ICU. Low total concentrations of calcium have been reported to be affecting as many as 90% of critically ill patients, and the prevalence of hypocalcemia measured as ionized calcium is estimated to be about 15-20% 23) . Hypocalcemia is associated with increased mortality in patients cared in the ICU 24)
.
Most common causes of hypocalcemia include trauma, acute and chronic renal failure, sepsis, hypoparathyroidism, hypomagnesemia, vitamin D deficiency, and complexing with citrate, albumin, or infused phosphate. Dilution of plasma induced by administration of massive amounts of intravenous fluid in a resuscitative effort is reported to be an important cause of hypocalcemia in trauma patients 25) .
Decreased bone resorption, calcium chelation, calcitriol deficiency, decreased secretion or action of parathyroid hormone with or without hypomagnesemia, and increased urinary calcium excretion contribute to drug-induced hypocalcemia 9) . Spuriously low concentration of calcium can be detected following the administration of gadoliniumbased contrast, as gadolinium interferes with calorimetricbased calcium assays, while ionized calcium concentration measurements remain unaffected 26) . 
Hypomagnesemia
Hypomagnesemia is frequently observed in critically ill patients, and its prevalence in the ICU is reported to be as high as 50% 27) . .
Serum magnesium concentration in critically ill patients should be maintained at 1.5 mg/dL or higher.
Patients with acute myocardial infarction may require higher concentrations (i.e., > 1. 
